 Animal food production requires 10 to 30 times more resources than vegetal food.
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Megacities play a major role in N and P flows and depend on them. Urban dwellers' metabolism is embedded in a 89 complex worldwide water-agro-food system resulting in an equally complex biogeochemical imprint. Some studies 
98
In this paper, we therefore focus on Paris Megacity, and the N and P flows involved in its food production, supply, 99 consumption and discharge. To determine the biogeochemical imprint of human metabolism in Paris Megacity, its 100 water-agro-food system has been divided into three subsystems: (i) food production in the agricultural system that 101 feeds Paris Megacity, (ii) food waste management from production at the farm to the actual ingestion of food by 102 humans and (iii) human excreta management in the city itself. In each of these subsystems, a detailed and 103 regionalized analysis of N and P flows was conducted. We aimed at qualitatively and quantitatively 104 comprehending the stakes of the biogeochemical imprint for sustainable development of a megacity such as 105 Paris. For the sake of this study, we therefore characterized the imprint of Paris Megacity by the magnitude of the 106 flows of resources (here N and P) required to sustain its food supply and the flows of wastes discharged into the 107 environment as a consequence of food consumption. We also determined the spatial distribution of these flows.
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(i) the Paris city center. This is the core municipality of Paris Megacity representing 21% of its population. It is one 126 of the densest city centers in the world with more than 21,000 cap/km² (INSEE). 
180
These data correspond to the apparent food consumption of the French population as a whole, including wasted 181 or discarded parts at the retail and domestic level. We have considered that national data on food consumption 
212
The GRAFS approach is based on a detailed budget of N and P flows including production, transformation and 213 consumption of animal and vegetal products, inputs of N and P fertilizers, atmospheric N and P deposition, 214 symbiotic N2 fixation, P embedded in feed additives, leaching and erosion in each agricultural region.
215
The agricultural and livestock production, arable land and grassland surface areas were obtained from the French rates were obtained by the Unifa (Union des Industries de la Fertilisation), which provides detailed data at the 220 regional administrative scale (http://www.unifa.fr/le-marche-en-chiffres/la-fertilisation-en-france.html).
221
The GRAFS approach expresses the N and P budgets on both arable land and grassland, yet N and P have very 222 different behaviors in soil. N tends to be easily leached after its conversion into nitrate by nitrifying micro-223 organisms, while P is strongly sorbed onto soil particles. As a consequence, the environmental losses associated 224 with these elements differ and budgets need to be calculated separately to integrate these specificities. For N, 225 nitrate leaching generates water pollution. The N soil surplus is represented by the difference between N inputs to 226 the soil through fertilizer and manure application, symbiotic N fixation by legumes and atmospheric deposition, 227 and N export with harvested products. About 70% of the N surplus of arable land is leached to sub-surface runoff 228 or aquifers, while a much lower fraction is leached from grassland .
230
In the case of P, erosion is the major output flux accounting for P environmental losses. P erosion from 
233
The P soil balance (the difference between fertilizer and manure inputs, atmospheric deposition and export with 234 harvested products and erosion) informs on the accumulation or depletion trend of the P stock in the soils 235 . Another discrepancy between N and P budgets rely in the gap of the N:P ratio of vegetal 236 and animal biomass and as a consequence the need for P feed additives to sustain the livestock production. In 237 the present study the feed additives were deduced as the unmet needs of P by the ingestion of vegetal products. 
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The relative contribution to the total import to Ile- 
245
We thus define the imprint of crop production of a given region as the total resource consumption and 
320
Taking into account that many integumentary losses reach the sewers through showering or clothes washing, a 321 general value of 0.5% metabolized N and P not reaching the sewers was taken into account for breathing and 322 integumentary losses. N stock in the human body is estimated at less than 0.5% of total N ingested during an 323 individual's lifetime. P is mostly stocked in bones and is not negligible. We assume a 1% P content in the human 324 body for a mean weight of 70 kg (INSEE), thus 0.7 kgP total stock in the body.
325
(ii) excretions by children strictly under 3 years of age. They were excluded from the calculation given that the Regarding imports of feed to the Great West region from South America, they represent 67% of the 302 ktN/y 388 imported to France. These imports are undoubtedly essential to support cattle breeding in the Great West, which 389 satisfies about one-third of Paris Megacity animal protein requirement; hence South America takes a significant, 390 yet indirect, part in the food supplying area of Paris Megacity that we define as a "soybean cultivation" area.
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In summary, our analysis reveals four distinct typical areas contributing to the Paris Megacity food supply, each 
427
The P eroded from those areas feeding Paris Megacity is estimated to reach 3.2 ktP/y with 95% derived from 428 arable land. However, it is difficult to determine the amount of P reaching the surface water because eroded 429 particles can accumulate in downhill and riparian sectors.
430
More specifically, it appears that the mixed crop and livestock farming area is the most costly in terms of the 431 surface required to feed Paris as well as of N and P fertilizers and N surplus on arable land. However, this area is 432 almost self-sufficient since it requires low net imports of feed from other regions to sustain its livestock production.
433
In contrast, the intensive livestock farming area imports a substantial amount of feed from South America, making 434 these two areas part of a same system. With this in mind, it appears that the environmental imprint of Paris
435
Megacity is not so different for both systems and is higher in terms of P surplus on arable lands over the intensive 436 livestock farming/soybean cultivation regions. 
438
French mixed crop and livestock farming regions contributing more than 1% of the animal food supply of Paris Megacity.
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To summarize, Figure 5 shows the main flows of N and P resources mobilized and/or lost to the environment 
484
In the end, more than 80% of food waste is collected by municipalities together with other residual waste.
485
Whereas green waste from the garden is often collected separately, only one waste treatment plant, located in 486 Saint-Ouen-l'Aumône, receives source separated food waste and composts it in Paris Megacity (ORDIF, 2014).
487
Three other waste treatment plants in Paris Megacity carry out mechanical-biological sorting of residual waste for 488 composting or methanization. However, they receive less than 1% of the total Paris Megacity food waste 489 production.
490
In Figure 6a 
515
Direct dry weather discharges from the sewer network to rivers that are identified in the sanitation master plan of 516 the SIAAP area are very low and account for only 25,000 population equivalents. Most losses occur during rain 517 events from combined sewer overflows and are estimated to around 3% of total inputs.
518
The proportion of P collected in the sewers that is not related to excretion or food waste is much higher than for N, 519 mainly because of the use of P in detergents. It accounts for 30% of the total collected phosphorus in 2013, i.e., 
595
As a whole, the data used in this study come from a variety of sources with some more reliable than others and, 
702
The total amount of ingested N and P is also an important characteristic that impacts all subsystems of the water- 28/34
Conclusion 804
This case study highlights the particularities of megacities in terms of their water-agro-food socioecological 805 regime. Megacities attract huge amounts of nutrients, but paradoxically they are not, at present, able to return 806 them to agricultural systems, an option that was hotly debated during the 19th century when urban waste and 807 wastewater management was founded (Barles, 2005) . In developed countries, these megacities limit their local N 808 and P impact using technological solutions. This paradigm is embedded in the linear metabolism that 
816
N and P management shows contrasted patterns. The P imprint of Paris Megacity requires optimizing its 817 efficiency in P use and minimizing soil storage, soil erosion and losses in incineration ash, which represents about 818 seven times the P actually ingested. Urban N recycling conceals considerable room for improvement with a 819 current recycling rate of 3%. N release into the environment is a major concern, mostly in agriculture but also in 820 wastewater treatment, with an overall imprint of nearly four times the N actually ingested.
821
The water-agro-food system of Paris Megacity for the most part is not in phase with the stakes of integrated N 
